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Abstract: Organophosphate esters( OPs) are widely used as flame retardants and plasticizers. A rap—
id method for the determination of seven OPs in water was developed based on enrichment via solid—
phase extraction( SPE) and determination by gas chromatography — mass spectrometry( GC — MS) .
The SPE cartridge and elution solvent were optimized consequently Oasis HLB( 200 mg) cartridge
was chose as extractive cartridge and ethyl acetate was selected as elution solvent. Under the opti—
mized conditions the developed method was verified using the blank spiked and the matrix spiked
and acceptable recoveries and good reproducibilities were achieved  with recoveries of( 74 +12) % —
(118 £3.0) % and(62 £6.9) % — (121 £2.2) % for the blank spiked and the matrix spiked re—
spectively. The instrumental detection limits( IDLs) for specific chemicals were in the range of 4 — 15
pg/L. The established method was proved to be efficient via measurement on the occurrence and con—
centrations of the 7 OPs in two surface water samples collected from the Pearl River and effluent from
a waste water treatment plant ( WWTP) in Guangzhou.
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Table 1 ~ Seven widely used organophosphate esters( OPs) flame retardants/plasticizers "’
Water solubility ~ Vapor presure
Compound Abbreviation CAS No. logK.,, ( ) ( )
p/(mg+ L") (mm Hg)
Tributyl phosphate( ) TBP 126 -73 -8 4.0 280 1. 13x10°
tris<{ 2-Butoxyethyl) phosphate( ) TBEP 78 -51 -3 3.75 1 100 2.50 x10 ¢
tris<{ 2-Chloroethyl) phosphate( (2-) ) TCEP 115-96 -8 1. 44 7 000 6.13 %102
tris<{ 2-Chloropropyl) phosphate( (2-) ) TCPP 13674 -84-5  2.59 1200 2.02x10°5
tris{ 1 3-Dichloro-propyl) phosphate TDCPP 13674 -87 -8  3.65 7 7.36 x10
( (13- ) )
Triphenyl phosphate( ) TPhP 115 -86 -6 4.59 1.9 6.28 x10 7
Tritotyl phosphate( ) TTP 1330 =78 -5 5.11 0.36 6.00 x10 "
1
1.1 .
Oasis HLB(200 mg 6 mlL) Waters ; Bond Elut Plexa(200 mg 6 mlL)
UCT SSH2P( 200 mg 6 ml) Varian Inc. Sepax Technologies GF/F
(0.45 pm @47mm) Whatman international Ltd. 450 C 4 h
N CNW
Technologies GmbH Merck Co.; 7 OPs Sigma — Aldrich TBP

(99%) . TPhP(99%) . TCEP(97%) . TBEP(94%) . TTP(90%) . TDCPP(97%)
(d,, - TBP 98%) C/D/N Isotopes ;
(HMB 99.5%) Ehrenstofer — Schéfer Bgm — Schlosser ;

1.2

3 mL v 3 mL 3 mL

5 ~10 mL/mino

TCPP(99.5%) .
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1.3
2010 GC - MS o TG - 5MS( Thermo Scientific 30 m x
0.25 mm x0.25 pum) . 290 € 300 C 1
wlo 1 mL/mino : 70 C 2 min 10 °C /min 160 C 5
°C /min 295 °C 10 min, EI 220 C,
2
2.1
7 7
3 ( Oasis HLB. UCT SSH2P  Bond Elut Plexa
) o ( 100 mL 100 ng/L) 3
6 1 o
Bond Elut Plexa 7  OPs (37 £24) %~ (81 £9.9) %
TTP  TPhP 60% . UCT SSH2P
(51 £23) %~ (99 £3.3) %
TTP 51% RSD 23%. OPs( TTP  TPhP)
OPs( TCEP TCPP) Oasis HLB
85%~109% RSD  3%~9% - Oasis HLB o
2.2 120
( 100 mL L
100 ng/L) . . - & w0
(1:1) - (1:1)4
’ TBP  TBEP T(:P TCPP TDCPP TPhP TP
7 mL 6 o | OPs
2 ° Fig. 1 Recoveries of 7 OPs from different cartridges
2 4 TCPP. TD- A. Oasis HLB; B. Bond Elut Plexa; C. UCT SSH2P
CPP. TPhP  TTP o pAsBoCED
TBEP  TBP o 3
TCEP (10 £1.5)%. 2
(12£11) % (13 +8.3) %
( 7 000 mg/L  logK,, 1.44)
TCEP (96 +4.3) % ) 0P«
o 7 Fig.2 Recoveries of 7 OPs using different elution solvents
Oasis HL.B A: ethyl acetate; B: methanol; C: methanol - dichloromethane
(1:1); D: methanol — ethyl acetate( 1 : 1)
2.3
50 ~450 amu
1~3 2 o
0.05 ~5 mg/L (rF =
0.993 6 ~0.999 9) . 7 (RSD) 2%~9%:;
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Table 2 Qualitative ions quantitative ions instrumental detection limits( IDLs) and repeabilities of 7 OPs
Quantitative ion Qualitative ion , IDL RSD
Compound -
(m/z) (m/z) pl/(pgL™") (n=7 %)
TBP 99 155 211 0.999 9 8 6
TBEP 199 299 0.999 0 2
TCEP 249 143 0.998 3 10 7
TCPP 277 279 0.999 5 8 7
TDCPP 379 191 381 0.993 6 15 9
TPhP 325 326 0.999 6 10 8
TTP 368 368 0.999 8 10 7
2.4
100 mL ( 50. 100, 500 ng/L) 500 mL (
50. 100+ 500 ng/L) 6 o
( ) o
100 ml( 50. 100 500 ng/L) 500 mL ( 50,
100+ 500 ng/1) 6 o SPE o
Al 3 o
3 7 OPs (n=06)

Table 3 Recoveries and relative standard deviations( RSDs) of 7 OPs in spiked blank and spiked matrix sample( n =6) /%

100 mL spiked blank sample 500 mL spiked blank sample 100 mL spiked matrix sample 500 mL spiked matrix sample

50 ng/L 100 ng/L 500 ng/L 50 ng/L 100 ng/L 500 ng/L 50 ng/L 100 ng/L 500 ng/L 50 ng/L 100 ng/L 500 ng/L

TBP 94 +8.6° 10311 102+8.5 113£7 95£2.0 1088 102£9.2 106+6.9 106 +4.8 104+9.0 114 2.8 92£4.9
TBEP 83 +7.5 80+80 92+5.5 92x12 105+8.9 84=x13 86+10 9610 94+3.1 86+8.0 110x7.3 1117.7
TCEP 90+2.2 99+6.4 98+6.9 116+17 107+0.8 97+10 88x4.9 108+12 99+12 87+53 10311 106+11.6
TCPP 94 +5.9 93+9.1 98x5.4 110+12 101 0.8 102+8 101 +3.7 104+9.3 95+12 103 +3.8 103 +6.0 105 +6.2
TDCPP 83 +2.7 106 6.2 107 £3.6 91 =14 118+3.0 88 =x14 112+3.0 102+3.9 97+9.9 114+4.7 107 £3.0 108 +13.4
TPhP 83 +6.4 105+8.0 106 £3.1 101 +11 103+4.3 9710 94+3.9 9958 8956 95+3.8 121£2.2 118+12.9
TTP 79 +£7.5 97+8.5 94=+1.5 96=+11 89 +11 74+12 6412 72x6.6 72+7.9 62x6.9 87x3.6 99+3.5

* average recovery * RSD( + )
3 o 100 mL
3 (79 £7.5) %~ (107 £3.6) % » 500 mL
(74 +12) %~ (118 £3.0) % . TTP( Logk,, =
5.11) (79 £7.5) %~ (97 +8.5) %
(62£6.9) %~ (121 £2.2) %, TTP (62 £6.9) %~
(99 +3.5) % 5
OPs
2.5
7 OPs . (500 mL)
GF/F 4 C 2 d
(SPE) . .
7 (4. 11.6~178.5 ng/L.
5.5~76.4 ng/L. 2.2 ~58.3 ng/L,

TBEP. TCPP  TCEP, 3 70% ; TPhP  TTP

N
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19-20
4 7 OPs
Table 4  Concentrations of 7 OPs in surface water and wastewater p/(ng+L7")
Sample TBP TBEP TCEP TCPP TDCPP TPhP TTP > 70Ps
Surface water in Zhujiang River( ) 102. 8 178.5 127.7 137.5 35.4 22.6 11.6 616. 1
Surface water in Dongjiang River( ) 26.3 46.3 25.5 76.4 11.9 5.5 18.4 210.2
Effluent from WWTP( ) 7.7 53.2 31.0 58.3 9.6 3.9 2.2 165. 8
3
7 . Oasis HLB( 200 mg)
GC - MS o N
616.1. 210.2. 165.8 ng/L
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